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We have recently shown that cell cohesion in plantar stratum 
corneum is mediated to a significant extent by protein struc-
tures, and that endogenous proteolysis plays an important 
role in desquamation in this tissue. This paper is a report of 
our investigations into whether similar mechanisms for cell 
cohesion and desquamation can be found in non - palmo-
plantar stratum corneum. Biopsies of non- palmo-plantar 
human skin were incubated at 37"C, pH 8, in a buffer with 
and without additions of detergents (a mixture of N,N,-di-
methyldodecylamine oxide and sodium dodecyl sulphate), 
ethylene diamine tetraacetate (EDT A), and the proteinase 
inhibitor aprotinin. Released cells were examined by phase 
contrast microscopy and counted. The incubated biopsies 
were examined by light microscopy. As has been previously 
T he nature of the structures responsible for statum cor-neum cell cohesion remains unclear. We have re-cently shown that cell dissociation at the surface of plantar skin is associated with a degradation of the . desmosomal protein desmoglein I [1 ,2], which sug-
gests that this protein may be important in plantar stratum corneum 
cell cohesion. We have also reported that there is an endogenous 
proteolytic mechanism in plantar stratum corneum that under in 
vitro conditions causes a unipolar cell dissociation that imitates des-
quamation [3]. In addition to desmoglein I other proteins may be 
degraded in this process [4]. 
The situation may be different in non-palmo-plantar stratum 
corneum. There is evidence that intercellular lipids are involved in 
cell cohesion in this tissue [5 -7] . The mechanisms of this involve-
ment are not known. Lipids could be solely responsible for the cell 
cohesion or their effect could be complementary to other cohesive 
structures. Alternatively, lipids might have no direct role in cell 
cohesion, but they could stabilize or destabilize, e.g., proteins re-
sponsible for cell cohesion. 
It could thus be important to know whether protein structures are 
involved in non - palmo-plantar stratum corneum cell cohesion in a 
way similar to that found for plantar stratum corneum. In this paper 
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Abbreviarions: 
DMDAO: N,N,-dimethyldodecylamine oxide 
50S: sodium dodecylsulphate 
shown by others, we found that in the presence of detergents 
there was a dissociation of stratum corneum cells. This disso-
ciation was stimulated by EDT A and inhibited by aprotinin. 
After 36 h of incubation the entire stratum corneum and, on 
some parts of the biopsies, the stratum granulosum had disso-
ciated. There was no evidence of cell dissociation in the 
spinous or basal epidermal layers. We conclude that the de-
tergent-induced cell dissociation in non - palmo-planrar 
human stratum corneum is dependent on the action of pro-
teinases present in the tissue on protein structures. These 
structures may be of significant importance for non-palmo-
plantar stratum corneum cell cohesion. ] Invest Dermato! 
95:456-459, 1990 
we present results that support the hypothesis of an important role 
for proteins in non - palmo-plantar stratum corneum cell cohesion. 
We also show that there ·is an enzymatic activity present in the 
stratum corneum that degrades cohesive protein structures under in 
vitro conditions. 
MATERIALS AND METHODS 
N,N,-dimethyldodecylamine oxide (DMDAO) was obtained fro m 
Sigma Chemical Co., St. Louis, MO, and sodium dodecylsulphare 
(SDS) from BDH Chemicals, Poole, UK. Aprotinin came from 
Boehringer Mannheim Gmb H, West Germany. Other chemical 
used were of analytical grades. 
Human Skin Three-millimeter punch biopsies were obtained 
under local anaesthesia from the upper g luteal region of volunteers 
with normal skin. Before incubations the biopsies were washed for 
5 - 15 min in saline at room temperature. The deeper parts of the 
dermis were removed and discarded. 
Incubations Each biopsy was incubated at 37"C in a stoppered 
l.5-ml test tube with 0.5 ml incubation buffer. This consisted of 
0.1 M Tris-HC1, pH 8, with 0.1 % sodium azide and additions as 
specified in the legends to the figures. Buffers with detergent mi.x-
ture contained 8 mM DMDAO and 2 mM SDS [8]. When present, 
the concentration of EDT A was 5 rnM and of aprotinin 50 f.1.g/rn1 
(B f.lM). At the end of the incubation the tubes were agitated for 30 
sec on a vortex mixer. The incubated biopsies were then transferred 
to 10% formaldehyde. In some experiments the tubes were agitated 
at intervals during the experiment and the tissue was transferred ro 
fresh medium and further incubated. 
Cell Counting Tubes with incubation buffer and released cell 
were centrifuged at 9500 X g for 5 min and 0.4 ml of the superna-
tants were removed. Sedimented cells were resuspended by vortex 
agitation and diluted with nine volumes of deionized water. The 
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number of cells in 5 .ul of diluted cell suspension was counted in a 
phase-contrast microscope at 100 X magnification. Corneocytes 
were identified by their characteristic polygonal, discshaped appear-
ance. 
Light Microscopy The incubated and formaldehyde fixed skin 
biopsies were snap frozen and freeze sectioned at 6 .urn. The sections 
were stained with haemotoxylin and eosin following routine proce-
dures . 
RESULTS 
The number of corneocytes released from biopsies of gluteal skin 
that had been incubated for 36 h at 37°C in 0.1 M Tris-HCl, pH 8, 
with various additions are shown in Fig 1. The appearance of the 
released cells is shown in Fig 2. Figure 3 presents the appearances of 
the incubated biopsies. 
In the presence of detergents and EDTA approximately 8 X 104 
corneocytes were released from each biopsy. This number was re-
duced by 75-90% in the presence of aprotinin. When the deter-
gents were omitted, very small numbers of cells were found in the 
incubation buffer. In the absence of EDT A (with detergents 
present) the numbers of released cells were about one quarter of 
those found when the incubation buffer contained detergents as 
well as EDTA (Fig 1). 
After incubation in the presence of detergents and EDT A the 
stratum corneum had disappeared from the major part of the biopsy 
surfaces (Fig 3a). When the incubation media had contained apro-
tinin in addition to detergents and EDT A the stratum corneum still 
adhered to the rest of the epidermis (Fig 3b) . The same was true after 
incubation without detergent (Fig 3c) and without EDT A (Fig 3d). 
The apparent thickness of the stratum corneum in Figs 3b-d did not 
x 
Released cells x 10-4 
•• 8 .... 
6 
4 
2 
... 
• 
• 
• 
..... 
x 
Figure 1. Number of corneocytes released from biopsies of human gluteal 
~~ incubated for 36 h at 37°C in 0.1 M Tris-HCI, pH 8, with additions as 
mdlcated. det., detergent mixture. Poil/t, one biopsy. Biopsies from three 
different individuals, denoted by different symbols, were used. A control, 
not shown in the figure. with no detergent and no EDT A gave the same 
result as "-det + EDT A." 
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Figure 2. Phase-contrast microscopy of cells released from a biopsy of 
human gluteal skin incubated at 37 ' C in 0.1 M Tris-HCI, pH 8, with deter-
gent mixture and EDTA. Bar, 25 tim. 
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Figure 3. Light microscopy of biopsies of human gluteal skin incubated for 
36 h at 37 ' C in 0.1 M Tris-HCI, pH 8, with the following additions: a, 
EDT A and detergent mixture; b, EDT A, detergent mixture and aprotinin; c, 
EDT A (no detergent) ; d, detergent mixture (no EDTA). Bar, 100 )1m. Note 
that most of the stratum corneum has disappeared in a, but is present in b-d. 
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Figure 4. Light microscopy of two areas of the same biopsy of human 
gluteal skin incubated for 36 hat 37"C in 0.1 M Tris-HCI, pH 8. with 
EDT A and detergent mixture. In a the granular layer remains. In b the 
granubr layer has beell detached. Note apparently intact spinous and basal 
layers. Bar, 25 ).Lm. 
differ significantly from what was found for tissue that had not been 
incubated but only fixed with formaldehyde before sectioning (not 
shown). 
In Fig 4. high power views of two surface areas of a biopsy 
incubated with detergents and EDT A are shown. In the part shown 
in Fig 4a. the uppermost stratum granulosum appears intact. 
whereas most granular cells seem to have dissociated in Fig 4b. 
There was no evidence of cell dissociation in deeper epidermal 
layers. 
The transfer of the biopsies to fresh media after initial incubations 
for 1-12 h in buffer with detergents and EDT A had no significant 
effect on the total number of cells released during 36 h of incubation 
(results not shown). 
DISCUSSION 
It has previously been shown that a mixture of.dete~g~nts ~7.8) or a 
zwitterionic detergent [9) can mduce cell dissoCiation 111 110n-
palmo-plantar stratu~ CO~ll:eum. In this reJ?ort we h~ve sh?w~ t;hat 
this phenomenon is mhlblted by the senne prote.ll1a~e. I~hlbltor 
aprotinin. Theoretically tlllS could be due to an .1l1lubltlon of a 
proteolytic activation of enzymes that are responsible for cell de-
tachment but are not proteinases. A more likely explanation. how-
ever. is that cell cohesion in non-palmo-plantar stratum corneum. 
as in plantar stratum corneum. is mediated to a signific~nt extent by 
protein structures. It may be assumed that desquamatIOn ll1volves 
the proteolytic degradation of these structures. 
Evidence has been obtained that the ability of detergents to cause 
cell dissociation in non - palmo-plantar stratum corneum may be 
dependent on proteolytic enzyme activity ([9]; W ertz p~. personal 
communication). In these studies. however. the preparation of stra-
tum corneum from whole skin involved trypsinization. Conse-
quently. the possible effect of small amounts of remaining trypsin 
could not be excluded. ' 
In our experiments. no exogenous proteinases were used. The 
tissue that was incubated consisted of a part of the dermis in addition 
to the entire epidermis. This raises the possibility that the enzymes 
responsible for cell dissociation in the stratum corneum may have 
diffused from other parts of the tissue, The fact that there appeared 
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to be no cell dissociation in the non-cornified epidermal layers does 
not. however. support this idea. The intercellular cohesive struc-
tures in these layers are usually very susceptible to proteolysis. It 
thus seems reasonable to assume that the enzymes responsible rna ' 
reside in the stratum corneum. This was also supported by experi-
ments in which the tissue was immersed in fresh buffer after initial 
incubations. This did not prevent further stratum corneum cell dis-
sociation, in contrast to what would be expected if the actual pro-
teinases had their origin in. e.g .• the dermis and had gained access to 
the stratum corneum after they had been extracted to the incubarion 
buffer. 
The experiments were carried out at pH 8. This differs signifi-
cantly from the pH of the stratum corneum. which is slightly acidic 
[10). Therefore. it is uncertain whether the proteinases that caused 
cell dissociation in these in vitro experiments are also active under in 
vivo conditions. Due to the low solubility of the detergent mixture 
at acidic pH. the cell-dissociation process could not be studied at 
lower pH values. It should be noted that many serine proteinases 
with alkaline pH-optima also have catalytic activity at slight! · 
acidic pH. e.g .• chymotrypsin is catalytically active at pH values 
above 5 [11]. Furthermore. the unipolar. aprotinin-inhibited cell 
shedding that takes place in r.ieces of plantar stratum corneum in 
vitro is significant at pH 6 [3 . 
At present the mechanisms by which detergents induce cell disso-
ciation in non-palmo-plantar stratum corneum are not known. B · 
removing lipids, detergents could activate proteinases or make pro-
tein structures susceptible to proteolysis. Another possibility is that 
cohesive protein structures are degraded in the absence of deter-
gents, but that the cells still stay together due to a cohesive effect of 
intercellular lipids. 
The nature of the protein structures that are degraded remains to 
be elucidated. For plantar stratum corneum. we have presented evi-
dence that there is a degradation of the desmosomal protein des-
moglein I associated with cell dissociation at the tissue surface [1.2]. 
W e have also obtained evidence, however, that other proteins may 
be involved in cell cohesion in plantar stratum corneum [4J. 
With immunogold electron microscopy, Skerrow et al [12J found 
much smaller amounts of immunoreactive desmoglein I in the outer 
cell layers of non - palmo-plantar stratum corneum than in the outer 
cell layers of hyperplastic plantar stratum corneum. This suggests 
that the degradation of desmoglein I may take place at different 
levels in the two tissues. and that desmosomes may be of relatively 
less importance in cell cohesion in the superficial cell layers of 
non - palmo-plantar stratum corneum. 
Brysk et al have described a glycoprotein with lectin-like proper-
ties in non - palmo-plantar stratum corneum. and have presented 
evidence that this protein may be involved in stratum corneum cell 
cohesion [13]. 
The fact that only very small amounts of corneocytes were re-
leased when biopsies of non- palmo-plantar stratum corneum were 
incubated in a medium containing EDTA but no detergents points 
to a major difference between 11on- palmo-plantar and palmo-plan-
tar stratum corneum. Corneocytes of the latter tissue readily dissoci-
ate under similar conditions [3.4) . 
The release of corneocytes was markedly increased if EDT A was 
added to the incubation buffer in addition to the detergent mixture. 
A related effect of EDTA can be demonstrated in in vitro experi-
ments with plantar stratum corneum [3 .4]. In this tissue. in which 
there is a unipolar. proteinase-dependent cell shedding imitating 
desquamation in vitro [3]. EDTA may act by making cohesive pro-
tein structures susceptible to proteolysis [4] . It is not known whether 
EDTA has a similar effect in non -palmo-plantar stratum corneum. 
An accelerating effect of EDT A on cell dissociation in a preparation 
of isolated stratum corneum treated with a zwitterionic detergent 
has recently been reported [9]. 
From the present findings it should be possible to conclude thar 
protein structures are of significant importance for cell cohesion in 
non - palmo-plantar stratum corneum. Even if it is as yet uncertain 
whether the proteinases that were responsible for cell dissociation in 
the present experiments are active in vivo. it should be possible to 
VOL 95, NO.4 OCTOBER 1990 
conclude from the present findings that there must be some form of 
proteolysis, possibly in the extracellular space, under physiologic 
conditions to allow for a normal desquamation . The identification 
of the responsible enzyme(s) is a task for future research. 
The technical assistallce oj Astrid LUlldgrell is graujll lly ackllolVledged. 
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